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^ (54) Title: SYSTEM FDR REMOTE MONITORING OF A VEHICLE AND METHOD OF DETERMININO VEHICLE 

„ MILEAGE. JURISDICTION CROSSINO AND FUEL CONSUMPTION 
00 

O (57) Abstract: A monitoring system that determines vehicle position and fuel consumption in a jurisdiction, and jurisdiction cross- 
ings. The system includes a vehicle having a fuel reservoir firom which fuel is consumed as an energy source. The system also 
includes a positioning system for generating the present position information of the vehicle. The information includes latitude and 
longitude data points. AdditionaDy, the system includes a fud monitoiiiig device in the fuel reservoir, whereby the fiiel monitoring 

2 means generates information including the present level of fuel in the fuel reservoir. Also, a data coUecdon device for collecting the 
present position information and die present level of fuel information. Finally, the system inchides a processor located at a remote 

Q site from the vehicle, the processor receives data from the collecting device The processor determines when the vehicle crosses a ju- 

^ risdiction border and compotes the fuel consumption in the jurisdiction, the fuel consumption data can then be later used to compute 
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SYSTEM FOR REMOTE MONITORING OF A VEHICLE AND METHOD OF 
DETERMINING VEHICLE MILEAGE. JURISDICTION CROSSING AND FUEL 

CONSUMPTION 
FIELD OF THE INVENTION 

This invention relates to the field of commercial vehicle management devices, in 
particular, to an electronic system for monitoring the position of vehicles at a remote site, 
and more particularly, to an improved system for detemiimng vehicle mileage, 
jurisdictional crossing and subsequently determining the fuel consumed in the respective 
jurisdiction for purposes of determining jurisdictional fuel tax. 

BACKGROUND OF THE INVENTION 

In today's trucking industry, tmcks traveling in more than one state are required to 
have their road use tax qiportioned among tfie states in which they travel. Typically, 
truck drives maintain log books which show the time and routes they drive. Oftentimes, 
the information entered into these books is done after the fact, and as a result may be 
records that are either inaccurate, or have accidental omissions. Li addition, these 
documents could be altered or falsified by the driver with little chance of detection. 

Consequently, the state taxing authorities often question the accuracy of the 
driver log books, and assess a road use tax based upon their revised estimate of the 
number of miles driven within their state. 

One method which has been proposed for enhancing the reliability of information 
relating to the mileage a truck travels in a particular state includes transponders at the 
state boundaries of interstate highways which are used to record entries and exits from 
states. While this method might be able to provide some enhanced reliability, it does 



1 
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have several serious drawbacks. First, the use of transponders requires the states to spend 
funds for permanent infrastructure, and it further requires an agreement and coordination 
between the states to have compatible transponders. Additionally, the use of transponders 
restricts the ability of the system to monitor entries and exits on unprotected secondary 
5 roads. 

Another method is disclosed in U.S. Patent 5,928^91 by Jenkins et al This 
patent discloses a conmiercial vehicle fleet management system which integrates a 
vehicle on-board compute, a process positioning system, and conmiunications system to 
provide automated calculating and r^rting of jurisdictional fiiei taxes, road use taxes, 

10 vehicle registration fees, and the like. Also, disclosed is an online mobile 

communications system and a system for monitoring commercial vehicle efQciency and 
vehicle and driver performance. 

Although the system described in the ^291 patent overcomes many of the 
problems described with respect to the transponders, this system still has many 

IS drawbacks. First, the system requires an on-board memory device and an on-board 
recoiding system. Therefore, this system does not allow for the constant real-time 
monitoring of the vehicle at a remote site. Second^ the systxm employs a removable data 
storage media, allowing the vehicle to vehicle transfer of trip event data for a given 
<q>erator. Although this is useful in tracking driver time, the removable storage media 

20 could be lost or damaged, and poses a management probI«n when one wants to gather all 
of the information about a particular vehicle. Lastly, since the state line crossing evoits 
are computed on-board, a vehicle accident may damage or destroy the on-board 
computer, which in turn would cause all the state line crossing data to be lost 

Therefore, there is still a need m the art for a system for remote monitoring of a 

2 
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vehicle and method of determining vehicle mileagejurisdiction crossing and fiiel 
consumption that does not require states to install permanent infrastructure, that does not 
require an agreement and coordination between the states to have compatible 
transponders* that functions properly on secondary roads, that does not require an on- 

5 board memory device and an on-board recording system, that does not employ a 

removable data storage media, allowing the vehicle to vehicle transfer of trip event data 
for a given operator, and does not perform calculations on-bcard. A remote, 
unconditional electronic monitoring system that determines vehicle position and 
determines vehicle state line crossing and fuel consumption via a wiroless link is 

10 therefore desired in the art. 



SUMMARY OF THE INVENTION 
The present invention relates to an electronic monitoring system that determines 
vehicle mileage and fuel consumption in a jurisdiction, and jurisdictional crossings. The 
1 5 system includes a vehicle having a fuel res^oir from which fuel is consumed as an 
energy source. The system also includes a positioning system for generating the present 
position information of the vehicle. The information includes latitude, longitude and 
vehicle bearing* Additionally, the systmi includes fiiel monitoring devices in the fuel 
system, wherd>y fhe fuel monitoring means generates information including the present 
20 level of fuel in the fuel reservoir, the total fuel consumed by the vehicle, the total amount 
of fuel consumed while idling. Also, a data collection device for collecting the presmt 
position information and the present fuel information. Finally, the system includes a 
server located at a remote site from the vehicle, the server receives data from the 
collecting device via wireless conummications. The server determines when the vehicle 

3 
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crosses a Jurisdiction border and computes the fuel consumption in the jurisdiction. 

The present invention also includes an electronic monitoring system that 
detemiines a jurisdictional crossing from a remote location. The system includes a 
vehicle, and a positioning system for generating present position information including 
5 latitude and longitude information of the vehicle. Also, a data collection device for 
collecting the present position information and a processor located remote from the 
vehicle. The processor receives data from the collecting device, and the processor 
determines when the vehicle crosses a jurisdiction border. 

Therefore, it is an aspect of the present invention to provide a monitoring system 
10 that electronically determines vehicle mileage and fuel consumption in a jurisdiction, and 
jurisdiction crossings. 

It is a further aspect of the present invention to provide a monitoring system that 
captures vehicle position and fiiel consumption and transmits all information to a remote 
server, and does not record or save any calculated fuel or jurisdiction information on the 
IS vehicle. 

It is a further aspect of the present invention to provide a monitoring system that 
determines vehicle mileage and foe! consumption in a jurisdiction, and jurisdiction 
crossings that does not require the use of a vehicle odometer. 

It is a further aspect of the present invention to provide a monitoring system that 
20 determines vehicle mileage and fuel consun^tion in a jurisdiction, and jurisdiction 
crossings that does not require the use of removable data storage media, but allows the 
recordation of a given operator*s trip record in a central location^ remote from the vehicle, 
and is easily accessed from a central processor. 

It is a further aspect of the present invention to provide a monitoring systrai that 
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deteraiines vehicle mileage and fuel consumption in a jurisdiction, and jurisdiction 
crossings that detennines the route of the vehicle using longitude, latitude and bearing 
data points taken at regular time intervals, using a positioning system, and wirelessly 
transmits these data points to a remote server, and the remote server plots tfie route of ttie 
S vehicle. 

It is a further aspect of the present invention to provide a monitoring system that 
determines vehicle mileage and fuel consumption in a jurisdiction, and jurisdiction 
crossings and determines the fuel consumption by using data points that are taken from 
die fuel system at regular time intervals, these data points correspond to the vehicle 
1 0 location data points, and thus the fuel consumed at every point during the vehicle's route 
can be determined. 

It is a further aspect of ttie present invention to provide a monitoring system that 
detennines vehicle mileage and fiiel consumption in a jurisdiction, and jurisdiction 
oossings diat determines the location and time of a refueling event, as well as the change 
1 5 in fuel level resulting from the refueling event. 

It is a fiirtha: aspect of the present invention to provide a monitoring system that 
determines vehicle position and fuel consumption, that determines tiie location and time 
of a refilling event, as well as the amount of idle fiiel used within a jurisdiction, and 
jurisdiction crossings. 

20 

It is a further aspect of the present invention to provide a monitoring system that 
determines vehicle position and fbel consumption, that determines the location and time 
of a refueling event, and determines the miles traveled within a jurisdiction, and 
jurisdiction crossings. 
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It is a further aspect of the present invention to provide a monitoring system that 
determines vehicle mileage and fuel consumption in a jurisdiction, and jurisdiction 
crossings that does not require states to install permanent infrastructure. 

It is a further aspect of the present invention to provide a monitoring system that 
5 deteraiines vehicle position and fiiel consumption in a jurisdiction, and jurisdiction 

crossings that does not require an agreemmt and coordination between tiie states to have 
compatible transponders. 

It is a furth^ aspect of the present invention to provide a monitoring syst^ that 
detmnines vehicle position and fiiel consumption in a jurisdiction, and jurisdiction 
10 crossings that functions properly on secondary roads. 

It is a further aspect of the present invention to provide a monitoring system that 
detemiines vehicle position and fuel consumption in a jurisdiction, and jurisdiction 
crossings that is unconditional and transmits all fiiel consumption and location 
information via a wireless link. 
IS It is a further aspect of the present invention to provide a monitoring system that 

detemiines a jurisdictional crossing by a vehicle from a rraiote location. 

These aspects of the invention are not meant to be exclusive and other features, 
aspects, and advantages of the present invention will be readily ^parent to those of 

20 ordinary skill in the art when read in conjunction with the appended claims and 
accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 is a diagrammatic representation of the data collection system according to 

6 
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the preferred embodiment of the present invention. 

FIG. 2 is a block diagram of the on-vehicle computer according to the preferred 
embodiment of the present invention. 

FIG* 3 shows a system flow diagram of the preferred embodiment of the method 
S of the present invention. 

FIG. 4 shows a flow diagram of the preferred embodiment of the remote server 
data processing function. 

FIG. 5 shows a flow diagram of the preferred ^bodiment of the on-vehicle data 
capture process. 

10 FIG. 6 shows a flow diagram of the preferred embodiment of the on-vehicle route 

capture function. 

FIG. 7 shows a flow diagram of the preferred embodiment of the on-vehicle idle 
fuel capture function. 

FIG. 8 shows a flow diagram of the preferred embodiment of the on-vehicle 
1 S refueling event capture function. 

FIG« 9 shows the record types and the information captured by the on-vdiicle 
computer for each record type of the prefmed embodiment of the invention. 

FIG. 10 shows a diagrammatic representation of the method of the current 
20 invention where the vehicle route is plotted by the remote server based on collected 
longitude and latitude information data points. 

FIG. 11 is an example of location data points collected by the present invention 
used to plot the vdiicle route in FIG. 10. 

DETAILED DESCRIPTION OF THE INVENTION 
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The present invention method is herein described as it relates to the conunercial 
trucking industry. Although in the preferred embodiment, the present invention is 
intended for use in the commercial trucking industry, the present invention may also be 
used in relation to other vehicle operations, for example, air, water and land based 
5 vehicles. Additionally, the presoit invention can be employed in the non*conimercial or 
the commercial based vehicle industry. 

The present invention is a monitoring system that detemiines vehicle position and 
fiiel consumption in a jurisdiction and jurisdiction crossings. The monitoring system 
includes clients located on the vdbicle» as well as a remote server in conunimication 

10 with tiie vehicle via a wireless link. The server is intended to collect all of the data sent 
from all of the vehicles in the fleet. This server processes the data and produces vehicle 
route and vehicle fuel consumption information, as well as jurisdictional fiiel information. 
Altiiough the data is processed on a central server, all of the data sent from the vdiicle to 
the pnx:essor can be accessed on the world wide web through a password protected web 

1 S site. This information allows for fleet drivers and fleet manage to access and review the 
miles they have logged on a vehicle in a given amount of time. Also, allowing for a 
pemianent record of all the fleet vehicles* and drivers' service. The 
present invention allows for the real*time recording of fuel consumption and vehicle route 
data* The vehicle route data allows for accurate assessment of miles traveled, and 

20 jurisdictional crossings. This system prevents driver log-book mistakes and fraud, and 
guarantees real-time permanent recording of vehicle route, fiiel consiimption data and 
jurisdiction crossings. 

The invention uses information that is provided by one or more data 
communications links that are available in conunercial vehicles being manufactured 
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today. These communications links are used to enable components on the vehicle, such 
as engines, transmissions, braking systems, instrument clustm, driver display terminals, 
etc. to communicate and share information with each other and to provide a single access 
point for other activities such as diagnostic analysis, configuration or reprogramming 

5 purposes. Examples of such data communications links include Society of Engineers 
(SAE) standards J1708 and J1939. In support of these data communications link 
standards, supporting standards have been developed that describe the methods for 
obtaining data from these links, as well as the format of the data. An example of such a 
supporting standard is the J1587 standard published by the SAE. 

10 The SAE*s J1587 standard describes the notion of the vehicle components being 

identified on the vdiicle by qpecific Message Identifiers (MID's), and data parameters 
being identified by Parameter ID's (PID's). For example, data being sent from an engine 
is prefaced with MID number 128. A *Total Fuel Used** parameter ID is prefaced with 
PID number 250, followed by the actual data value. 

1 5 This notion of MID's and PID*s have been extended to other similar parameters 

used on vehicles, such as SAE J1939, the controller area networic (CAN), ISO-9141, and 
others. Therefore, the method described in this invention can be q>plied similarly to 
vehicles or equipment equipped with other datastreams. 

The primary source of information available on these datastreams comes from the 

20 vehicle components. These compon«its depend upon reliable, accurate information to 
ensure efficient and reliable operation of the vehicle. Therefore, manufacturers of these 
components and their resultant measured values strive to ensure high reliability and 
accuracy. Therefore, the information provided can be regarded as reliable and accurate, 
and are thus suitable for determining trip and fiiel consumption information such as total 
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fuel used, and fuel level The invention described utilizes parameters available on these 
data communications links to ensure reliable inputs to fuel information. 

Referring first to FIG. 1, a diagram representing the data collection system of the 
preferred method of the present invention is shown. The system includes a vehicle 105 
5 equipped with an on vehicle computer FIG 2, 200. The vehicle 105 is a commercial 
track, but in other embodimmts, the vehicle 105 is any type of vehicle. The data 
collection system also includes one or more Wireless Communications systems 110, 115, 
for transferring conunands and/or data between one or more vehicles 105 and a remote 
servo* 120. As can be seen fiom the drawing 100, the wireless communications system 

10 can be either satellite 110 or terrestrial 115 based. 

The satellite-based positioning system 140 determines die present position of the 
vehicle in the form of longitude, latitude and bearing data points. In the preferred 
embodiment, the positioning syst^ is a Global Positioning S)^em (GPS), but in other 
embodiments the positioning device is any other positioning device such as LORAN. In 

15 the case where satellite based data communication is used 110, the system can use 
information provided by the data conununications satellite 110 to determine vehicle 
location. 

Jn the preferred embodiment of the invention, the remote server 120 is cormected 
to a plurality of remote data terminals 125 or another server 130, that is typically located 
20 in a user location. 

Referring now to FIG. 2^ a block diagram of an embodiment of the on-vehicle 
computer 200 is shown. In the preferred embodiment, the on-vdiicle conq)uter is 
includes a Coitral Processing unit 208, used to run any software applications and to 
perform any data processing required; a Flash Memory 202, used for storing any required 

10 
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information and the software ^plications; a Dynamic Random Access Memory 204, used 
for any temporary storage of any data or processing information; an option Compact 
Flash card 206; a serial interface 212, which can be used as a communications means 
between a driver interface or other on-vehicle device an the on-vehicle computer 200; one 

5 or more vehicle interfaces 214, which are used by the on-vehicle computer 200 to 
communicate and monitor data stream activity between other on-vehicle computers; a 
Global Positioning System 216, used for detennining the vehicle location and direction, 
and data and time infonnation based VBpon calculation performed on data received from 
the GPS satellites 140; a Wireless Communications System 218, which is used for 

10 communications between the on-vehicle computer 200 and the remote server 120; and a 
Power Supply 210; which is used to power the on-vehicle computer 200 fr(»n the 
vdiicle's electrical power source. It should be understood that the Global Positioning 
Syston 216 may not be required if the on-vehicle computer 200 is used in conjunction 
with a satellite based communications system 110 that is capable of providing vehicle 

15 portion, bearing, data and time infonnation to the on-vehicle computer 200. Finally, it 
should be understood by those sidlled in the art that the on-vehicle computer 200 is 
merely representative of the syston located on the vehicle, and could be rradered in 
alternative means. 

Refnring now to FIG. 3, the preferred embodiment of the mettiod 300 of the 
20 present invention is depicted to illustrate where the various processes are conducted 
within the system. The method 300 starts in step 310 when the remote server sends a 
notification to the on-vehicle computer to initialize the location/fuel use function. The 
on-vehicle computer enables this function, and begins data sampling at step 315. Data 
sampling involves the on-board computers collecting of unprocessed vehicle data 
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information including the vehicle's longitude and latitude coordinates, bearing, current 
fuel level, total fuel used, total idle fuel used, and fuel level. The satellite-based 
positioning system 140 determines the present position of the vehicle in the form of 
longitude, latitude and bearing data points. These processes are described later, and are 

5 depicted in FIG. 5, 6, 7 and 8. 

The on-vehicle data sampling enabled in step 315 continues until die remote 
server instructs the on-vehicle computer to upload the data to the remote server at step 
320, or until tfie on-vehicle computer data collection device storage is full. When the on- 
vehicle data collection device storage is full, the on-vehicle computer automatically 

10 initiates the process of uploading the data information to the remote server. 

At step 320, the rmiote server instructs the on-vehicle computer to upload the 
captured unprocessed information to the remote servar. At step 325, the on-vehicle 
computer uploads flie information to the remote server, using the available wireless 
communications link, and in step 330 the remote server processes the vehicle route 

15 inforaiation by analyzing the latitude and longitude information points provided by the 
on-vehicle computer to determine the route traveled by the vehicle, placing this 
information onto an electronic map. 

The method 300 continues in step 335, wh»e the rwnote server performs further 
analysis of the route plotted in step 330 to determine if any jurisdictional boundaries were 

20 crossed by the vehicle. Following, in step 340, the remote server determines the mileage 
drivm in each jurisdiction by using the ofRcial mileages published for each route 
segment In step 345, the fiiel used in eachjurisdiction is computed. In step 350 the 
remote server applies vehicle route and fiiel used infomiation as required by an 
application, for example, fiiel consumption information applied to a fuel tax-reporting 

12 
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package. The remote server can then save the information, send this infonmation to any 
computer, or use this infonnation with another ^plication. 

Referring now to FIG. 4, the system 400 of remote, off-vehicle, data processing is 
dq)icted. The process is initiated by the remote server upload request described in step 
5 320, with data processmg starting at step 405* At step 410 recorded vehicle information 
is uploaded by the on-vehicle computer to the rmiote server. 

Once the upload is complete, in step 415 the vehicle route is plotted onto an 
electronic map. This process identifies the roads and road segments traveled by the 
vehicle during its trip« To perform step 415, the server plots the vehicle route by 

10 positioning the series of latitude and longitude points (1030 in FIG. 10) that were 

captured by the on-vehicle computer and subsequently uploaded to the r^ote server onto 
a series of roads that are identified in an electronic map database that is contained in, or 
accessible by, the remote server. The capture latitude/longitude position points are 
depicted on the dashed line 1020 in FIG. 10, The "route plotted" line based upon 

1 5 placement on a map is depicted in FIG. 10 as a solid line 1 025. Referring to FIG. 1 1, an 
example of the data captured by the system is shown. These example points 1-16 are 
plotted in FIG. 10 shown as dadied line 1020. The on-vehicle conqmter has a means of 
determining which of these csptured position points are required to determine the vehicle 
route. Therefore, not all points shown in FIG. 1 1 arc necessarily sent as records to the 

20 remote s^er. 

Referring again to FIG. 4, in step 420, the remote server performs fiirther analysis 
of the route plotted 1025 in FIG. 10 in step 415 to deterawiie if any jurisdictional 
boundaries were crossed by the vehicle by using map and road segment information from 
step 415. Also, step 420 determines the miles traveled within each jurisdiction by using 
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published mileage information from the map database for each road segment traveled 
within that jurisdiction. 

In step 425, the fuel consumption data is analyzed to determine the total and 
taxable amount of fuel used by the vehicle. This is accomplished by using the 

5 unprocessed fuel data collected by the on-vehicle computer at the points near where 
jurisdictional crossings occurred, and computing the total fuel used in each jurisdiction. 
To do so, the remote server subtracts the total fuel used value obtained at the point near 
where the vehicle left the jurisdiction from the total fuel used data near the point the 
vehicle entered the jurisdiction. This calculation obtains the total fuel used within a 

10 jurisdiction value. In step 430 it subtracts the total idle fuel used value obtained near the 
point where the vehicle left the jurisdiction firom the total idle fiiel used value obtained 
near the point the vehicle entered the jurisdiction. This calculation obtains the total idle 
fuel used within a jurisdiction value. Then, in step 435, using tiie fuel level information 
obtained from the on-vehicle computer, the remote server determines the total fuel 

15 purchased within the jurisdiction. This information. Total Fuel Used, Total Idle Fuel 
Used, Total Fuel purchased within a jurisdiction, is then made available to a fuel tax 
reporting package for furtiier processing. The remote server can then save the 
information, send this information to any computer for viewing or furthca: processing 125, 
130, or use this information for another application. 

20 Referring next to FIG. 5, a diagram representing the on-vdiicle data collection 

process of the preferred method of tiie present invention is shown. Specifically, this 
figure describes the Vehicle Location/Fuel Use function performed on the on-vehicle 
computer. This function is enabled by receipt of a command from the remote server in 
step 315 shown in FIG. 3. The vehicle is at a location during tfie monitoring event. The 
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vehicle can be moving, or stationary, but during the monitoring event the following will 
occur* 

Still referring to FIG* 5, the process of enabling the function begins at step 550. 
In enabling the function, at step 555 the LFPROC flag is tested to see if the function is 

5 already enabled. If so, die function is exited. Ifthe function has not been enabled, it 
proceeds to step 560 to initialize the vdiicle route function, step 565 to initialize the 
refueling function, and step 570 to initialize the idle fuel function. Each of these 
functions are described later in the document* 

Once these functions are initialized, m step 575 the LFPROC flag is set to TRUE 

10 to mdicate that die function is ready to record the raw data. At step 580 a process sample 
mterval timer is started. In the prefenred embodiment, this sample interval timer is an on- 
vehicle computer systrai timw that is set to trigger entry into the fimction 500 on a ten- 
second interval. This approach allows the system to perform the functions described in 
FIG. 6» 7, and 8 every ten seconds. 

15 Once the fimction is enabled as described, it is entered on a periodic basis, 

detemiined eitfier by the sample intwval timer described earlier or by a specific conunand 
received from the remote server. The process associated with this function entry begins 
at step 585. First, the LFPROC flag is tested to see that the function has been enabled, 
and that periodic sampling is still desired. If not, the function is exited. If so, the 

20 function proceeds to call the Vehicle route function at step 590, the Vehicle Refueling 
function at step 595, and the Vehicle Idle Fuel function at step 600. Each of these 
functions are described later. 

The request for a remote server upload is detwmined at step 530. At step 535 the 
function 500 tests the LFPROC flag to ensure that the fimction was enabled previously. 
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Otherwise it is exited with an error message at step 545. 

Referring now to FIG. 9, a representation of the record types and the infonnation 
captured by the on-vehicle computer is shown. The on-vehicle computer 1000 includes 
separate date structures for capturing the Vehicle Route/Total Fuel 1005, the Refueling 
5 Record 1015, and Idle Fuel 1010. Referring now to FIG. 9 and FIG. 5 together, at step 
540, the function 500 proceeds to send the contents of the Vehicle Route/Total Fuel 
Record table 1005, the Refueling Record Information Table 1015, and the Idle Fuel 
Record bifomiation Table 1010 to the server As can be seen in FIG. 9 not all c^tured 
infomiation is required by the remote server for data processing. Therefore, the on- 

10 vehicle computer sends only the required information, thus optimizing the amount of 
wireless data that needs to be communicated to the server. 

Referring now only to FIG. 5, if the remote server sends a disable request to the 
function 500, step 510 tests true and the function 500 proceeds to step 515. At step 515 
the function is disabled by turning off the sample interval timer, and setting the LFPROC 

1 S flag to FALSE. In addition, the function 500 disables the Vehicle Route, Idle Fuel, and 
Refueling functions at step 520. As can be seen by those skilled in tiie art, in the 
preferred onbodiment, the collection device is an on-board computer. The information is 
captured on the on-board collection device* and is temporarily stored as unprocessed data. 
The collection device does not perform any calculation on the data, but rather, holds the 

20 data for a short time» until an event occurs which triggers the data to be sent to the remote 
server. 

FIG. 6 describes the on-vdiicle Vehicle Route function 700 performed on the on- 
v^cle computer. This function is both enabled and reiteratively entered by the on- 
vehicle Vehicle Location/Fuel Use function. 
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The fuel data is captured by the on-vehicle computer using one of several fuel 
PIDs detennined by the PIDs available firom the existing on-vehicle computer. Since the 
fuel date is collected at the same time as the position data, these data points correspond to 
each other. Therefore, the data points collected will allow a user to determine the exact 
5 amount of fuel used by vehicle at an exact vehicle position. In the preferred embodiment 
the total fuel PID, SAE J1S87 PID 250 is used, although in other embodiments, the total 
fuel PID can be obtained from SAE J1939 or alternative data streams. In other 
embodiments, the total fuel used by the vehicle can be determined using other fuel 
information PIDs such as SAE J1S87 PIDs 1 83, 184, and 185. These PIDs provide fiiel 
10 consumption information in various forms: Fuel Rate, Instantaneous Fuel Economy, and 
Average fuel Economy respectively. 

The Total Fuel PID provides fuel information in the form of total fuel used The 
Total Fuel PID value can be used to detmnine the fuel consumed between each data 
point. Thus, by subtracting the total fuel used values between data points, the total fuel 
1 S consumed in each vehicle route segment is determined. This information can be divided 
by jurisdiction to determine the fuel consumed in each jurisdiction. 

The process of enabling the function begins at step 710« In enabling tiie function, 
at step 715 the VRTEE flag is tested to see if the function is already enabled. If so, the 
function is exited. If the function has not been enabled, it proceeds to step 720 to 
20 initialize the route function table pointer, to step 725 to capture an initial route sample to 
store as the base or ordinal value, and to step 730 to increment the route table pointer to 
the next available table location. Once the function 700 is initialized, the VRTEE flag is 
made TRUE, indicating that the function is fully enabled and operational step 735. 

Once the function is enabled as described, it is entered on a periodic basis from 

17 
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the Vehicle Location/Fuel use function. The process associated with periodic entry 
begins at step 750. First, the VRTEE flag is tested to see that the function has not been 
disabled, and that periodic sampling is still desired. If not, the function is exited with an 
error return code step 755. If so, the function proceeds to capture a Vehicle Route/Total 
S Fuel (shown as 1005 in FIG. 9) record at step 760, and store the data at the table location 
pointed to by the pointer step 765. At step 770, the vehicle bearing information &om the 
current record is tested to determine if the vehicle is maintaining a compass heading that 
is consistent with the prior record (that is, within a few compass degrees plus or minus). 
If so, the vehicle is essentially heading in the same direction as the prior sample, i.e. a 

10 straight line, thus retention of this sample is not essential and the value is retained until 
the next sample is captured, at which time it will be written over with the new data. If the 
vehicle compass heading has changed by a predetermined value in step 770, the function 
700 increments the Vehicle Route/Total Fuel Information table pointer in step 775 to 
preserve this new value as indicative of a change in vehicle course direction* As can be 

1 S seen by those skilled in the art, tiiis storage process allows the system to accurately track 
the route of the vehicle while minimizing the actual route information record storage 
requir^ents. 

Finally, if the remote server sends a disable request to the function 700, step 740 
tests true and the function 700 proceeds to step 745. At step 745 die fimction is disabled 
20 by setting the VRTEE flag to FALSE. The function is exited in all cases described above 
at step 780. 

FIG. 7 describes the on-vehicle Idle Fuel function 800 performed by the on- 
vehicle computer. This function is both enabled and reiteratively entered by the vehicle 
location/fuel use function* By capturing the total idle fuel consumption values when a 

18 
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vehicle is stationary and idling, the total idle fuel consumed by jurisdiction is detennined. 

The total idle fuel PID (PID236) provides fuel information in the form of total idle 
fuel used. Comparison of the total idle fuel PID values between record samples can be 
used to detemiine the total idle fuel consumed between eadi data point. 
5 The process of enabling the function begins at step 810. In enabling the function, 

at step 815 the VIDLE flag is tested to see if the function is afaready enabled. If so, the 
function is exited. If the function has not been enabled, it proceeds to step 820 to 
initialize the idle fuel function table pointer, to step 825 to capture an initial idle fuel 
record to store as tiie base or ordinal value, and to step 830 to increment the idle fuel 
10 table pointer to the next available table location. Once the function 800 is initialized, in 
step 835 the VIDLE flag is made TRUE, indicating that the function is fully enabled and 
operational. 

Once the function is enabled as described, it is entered on a periodic basis fiom 
the Vehicle Location/Fuel use function. The process associated with periodic entry 

IS begins at step 850. First, the VIDI£ flag is tested to see if tfie function is enabled, [fnot, 
the fimction is «ited with an error return code step 855. If so, the function tests to see if 
an idle fuel capture process is underway step 860. If an idle fuel capture process is not 
underway, ttie fimction 800 proceeds to capture an idle fiiel record 1010 at step 885. At 
step 890 the function 800 tests the Total Idle Fuel PID value to see if the value has 

20 changed firom the prior value. If not, the fimction is wited. If so, the function 800 

proceeds to step 895 to constroct a Geo-Fence around the vehicle. In this instance a geo* 
fence is a boundary around the vehicle that is established based upon the current latitude 
and longitude coordinates of the vehicle. As long as subsequent v^cle position readings 
indicate that the vehicle has not moved within an established latitude/longitude limit 

19 



wo 03/073048 PCTAJS03/05954 

based upon the original value» the vehicle has not moved. 

The assumption can be made that if the vehicle is idling, it is not moving. 
Therefore, if one captures the idle fuel information, constructs a Geo-Fence around the 
vehicle based upon its GPS coordinates, and periodically tests to see if the vehicle has left 
5 the boundaries of the Geo-Fence, one will know when the idle period has ended. When 
this occurs, by capturing the idle fuel value at that point the difference between the 
original idle fuel value and the final idle fuel value equals the total amount of idle fiiel 
consumed during that idling evoit. At step 900 the total idle fuel value cs^tured during 
the prior sample is stored in this record, indicating the beginning idle fuel value for this 

10 location, along with the Total Idle Fuel value, vehicle location, and date and time. This 
vehicle location information will allow the remote server to determine which jurisdiction 
the vehicle was in, and when it was in that jurisdiction, during this idling event. The 
indication of an Idle Fuel event capture process is established in step 90S by setting the 
IDLECAP flag to TRUE. 

1 5 Looking at step 860 one can follow the steps of the process 800 in the event 

where an idle ciq>ture process is und^ay. When an idle fuel capture process is 
underway, the function 800 proceeds from step 860 to step 865. Here, it tests to see if 
the vehicle has left the previously constructed geo-fence area. If it has not left the geo- 
fence area, the function is exited at step 910. If it has left the Geo-Fence area, die 

20 function 800 proceeds to step 870 to c^ture the Total Idle fuel PID and store it in the 
record pointed at by the idle fuel table pointer as the final Total Idle fuel value. In step 
875 the Idle Fuel capture table pointer is incremented to prepare for the next sample, and 
finally, in step 880, the IDLECAP flag is set to FALSE to indicate that the Idle Fuel 
capture event is completed. The function 800 exits at step 910. 
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As can be seen, upon completion of this function the Idle Fuel capture record will 
contain a complete history of the idle event, including vehicle location, date/time, and 
total idle fuel consumed. 



S FIG. 8 describes the on-vehicle refuel event function 915 performed on the on- 

vehicle computer. This function is both enabled and reiteratively entered by the on- 
vehicle vehicle location/fuel use function. In the prefeired embodiment of the present 
invention, the vehicle also includes the fiiel level PID, SA£ J1587 PIDs 38 or 96, which 
are used to detemiine a refueling event Since these PIDs determine tiie fuel level of the 

10 fuel reservoir in the vehicle as a percentage of capacity, when the data reflects an increase 
in fuel level, ttiis signals a refueling event 

Still referring to FIG. 8, the process of enabling the function begins at step 925. 
In enabling the function, at step 930 the VREFUELE flag is tested to see if the fimction is 
already enabled. If so, the function is exited. Ifthe function has not been enabled, it 

IS proceeds to step 935 to initialize the refueling function table pointer, to step 940 to 
c^ture an initial refuel sample to store as the base or ordinal value, and to step 945 to 
increment the refuel table pointer to the next available table location. 

Once the function 915 is initialized, the VREFUELE flag is made TRUE, 
indicating that the function is fully enabled and operational step 947. 

20 Once the function is enabled as described, it is entered on a periodic basis from 

the Vehicle Location/Fuel use function. The process associated with periodic entry 
begins at step 960. First, the VREFUELE flag is tested to see that the function has not 
been disabled, and that periodic sampling is still desired. If not, the function is exited at 
step 965 with an error return code. If so, the function proceeds to capture a refueling 
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record at step 970, and store the record at the table location pointed to by the refueling 
record pointer. At step 975, the vehicle fuel level PID value from the current sample is 
tested to determine if the vehicle is acquiring fuel. This is indicated by an increase in the 
fuel level value. If it is determined that the vehicle fuel level has increased, the function 
700 shown in FIG. 6 increments the vehicle route table pointer in step 980 to preserve 
this value as indicative as a refuel event. 

Finally, if the remote server sends a disable request to the function 915, step 950 
tests tme and the function 915 proceeds to step 955. At step 955 the function is disabled 
by setting the VREFUELE flag to FALSE. The function 915 is exited in all cases 
described above in step 995. 

Although the present invention has been described wift reference to certain 
preferred embodimmts thereof, othv versions are readily apparent to those of ordinary 
skill in the art. Therefore, the spirit and scope of the appended claims should not be 
limited to the description of the preferred embodiments contained herein. 



22 



wo 03/073048 



PCT/US03/05954 



What is claimed is: 

L An dectiomc monitaring system that dateonmes vehicle positioiu fad 
oonsumptioiL in a jutisdiction, and jurisdicdcm crossing?^ said system compxising: 

a vehide haWng a fad lesenroir IGnnn which ic^ 

soutce; 

a positumiDig system Soff e/eomSng pieseat positicm infinmation inchiding lalituda 
and loxigitiide infoimation of said ve^ 

a fiid mcnntianng means in said iud leserv^ 

« 

means gcxicratesin&matim inchiding the presently 

II data oollcclicm device fa collecting sd^ 
present tevd of ififhrmation; and 

a processor located remote fiom said vehicle* said processor receives data fiom 
add collecting device whodn sdd processor detcxmines v^mx said vehicle crosses a 

jmiffdi^tm tmnf fr mil fftmp^^ ^^^J rymftmniriAW in jimsdietion. 

2. Hxe system claimed in claim 1, ifidienin said portioning q^tem is a giobd 
posffiomog system leeeiver* 

3. The system daimed in daim ly wharein'addpo^mring systemis a 
LOKAN receiver. 

4. ilieproeessorelaimed in daim l,vidierein sdd prom 
data fit)m sdd coUecting device Enough a wirdess network. 

5. The ihd monitoring means daimed in daim 1, wherein f^ 
meana isparameto'identtfteationinfbimation. 
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6. The ^5tem claimed in claim l,whexem 
generates present bearing data of said vehicle. 

7. The system claimed in claim 1 p wherein said collecting device jEurtber 
collects said beating data. 

5 . 8. An decttonic mcmitDrtng system that drtenrones a jurisdictional crossing 

fiom a remote locationp said system conqnising: 
avelncle; 

ft pQsitiophtg syst&m fer gengratitig jmesent pnatttftti ^i^ifrfnn^"n il|e1ii^trtg IfifihydlT 

and loogitode tnfimnationof said vdncl^ 

10 ft data coHflCtiftii A<viea for cnllecHng «ai<i pmaenfpftiqt^ftip fwfiifTnafiomj anif 

a processor located remote fiom said vcfaid^ said piocessar ic^^ 
add eollectiqg device ^adiereln sttd piocessor detema^ 
jurisdiction bolder. 

9. The system daimed in claim 8» wherein said po 
IS positioning system recdver. 

10. TliesystcmdBU3udincbm9,wherdnsddpositiom^ 
LORANiecdver. 

11. The systoBi claimed in claim lO^s^aeiein said processor 
fiom sdd collecting device dirou^ a wireless netwodc 

20 12. The system claimed in cUdm 1 1 » wbmm sdd portioning device fiirtfier 

generates present bearing data of said vdiicle. 

13. The system daimed in claim 12, iRdieretn said collectiiig device fidrther 
collects said beaxing data. 
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